COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY
PHASE I

EXISTING SYSTEM IMPROVEMENTS
TECHNICAL REPORT
LOWER SNAKE RIVER AND MCNARY DAM

EXECUTIVE SUMMARY

1.  OVERVIEW.

The anadromous fish passage systems on the lTower Snake River projects
provide a safe and efficient route through, or around, the dams for both
juvenile and adult fish. An important part of the juvenile fish passage
system is the transportation program. Under this program, juvenile anadromous
fish are collected at Lower Granite, Little Goose, Lower Monumental, and
McNary Dams; transported downstream by barge or truck; and released below
Bonneviile Dam. The existing fish hatcheries principally produce salmen and
steelhead to mitigate for the losses of natural fish habitat and turbine
mortality due to the construction of the Tower Snake River projects. In one
form or another, the anadromous fish migrating on the lower Snake River are
affected by the aforementioned systems.

The objective of system improvement is to modify existing fish-
retated facilities, or any other existing facilities, to improve conditions
for migrating fish. There are several factors or mechanisms associated with
these facilities that could affect fish survival (7.e., fish stress,
predation, and physical injury). The specific steps for this evaluation
include: 1) determination of the technical feasibitity of implementing these
improvements; 2) estimation of the biological benefits to salmon that may
result from implementing the improvements; 3) identification of the
operational requirements and potential problems associated with the
improvement; and 4) development of cost estimates and implementation times for
the improvement work. The improvements are comprised of new construction,
modifications to existing structures and systems, and changes in current
operational practices. The results of these evaluations are meant only for.
use in comparing alternatives being investigated under the System
Configuration Study (SCS).

The following paragraphs 1dent1fy the alternatives and options
evaluated, the biological effects on anadromous fisheries, and the associated
construction costs and implementation schedules for each action. The
information is broken down by category or area of improvement (7.e., juvenile
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fish passage, adult passage, transportation improvements, hatchery
modifications, and dam modifications). Under each category, there are a
number of specific acticns under investigation. Only a general description of
the action and its associated benefits to anadromous fish are provided.

Each improvement was examined for its value as either a long-term or
near-term action. The improvements considered to be near-term measures have
relatively small costs, and may or may not provide a significant system-wide
anadromous fishery benefit. However, they do not require extensive or costly
research or testing to verify their potential benefits. In other words, they
can be implemented quickly without significant further evaluation. In any
case, these improvements, either independently or in groups, are not
considered to be actions that can be equally compared to other SCS
alternatives (7.e., drawdown or upstream collectors). These small items are
more suitably classified as near-term actions that could, and should, be
pursued and implemented prior to the identification and implementation of
long-term actions.

The effects these improvements would have on anadromous fish are
evaluated principally on a qualitative basis. Quantitative evaluations are
provided for those improvement options for which Timited data has been
collected through previous or ongoing research. The greater reliance on
quaiitative evaluations is based upon the lack of specific data and/or
uncertainties related to each improvement that could be confidently used to
parameterize the regional analytical juvenile passage and 1ife-cycle models.
Therefore, input values are assumed, in most cases, for a system-wide effect
on survival. A single improvement at a single dam would not be reflected
beyond the variability produced by the model for a system-wide effect on |
survival. The limited effectiveness information that is produced is fairly
consistent with regional discussions and comments from such technical forums
as the Technical Advisory Group (TAG) and Fish Passage Development Evaluation
Program (FPDEP). Most of the singular improvements can be considered to be
operational and maintenance-type improvements that would be locally
beneficial.

2. IMPROVEMENTS TO FISH HATCHERIES.

a. General.

The objective of the hatchery-related improvements was to
produce a better quality fish that could reduce the negative impacts
associated with interaction with wild fish. The following alternatives were
evaluated to improve the operation of existing fish hatcheries: 1) improved
truck Toading; and 2) additional containment facilities (e.g., raceways).
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b. Description of Evaluations.

Improved truck loading at existing fish hatcheries was
considered in order to eliminate the current priactice of using fish pumps that
can cause physical injury and acute stress for planting or transportation
operations. Two alternatives to conventional fish pumping were identified:
incorporating gravity-fed truck loading, and providing an improved pumping

system (e.g., an Archimedes-type fish pump). Although the gravity system
would be the preferred alternative for producing the greatest biological
benefit in terms of reducing stress and physical injury, it is less feasible
due to the following reasons: 1) existing piping would have to be excavated
and replumbed, or a whole new transportable open-fiume system would have to be
constructed; 2) truck loading would require excavation, in some cases below
groundwater Tevels; and 3) limited available area on the facility property.
These factors made the costs for a gravity system extremely high. An
Archimedes-type fish pump was considered to be very simple to operate,
inexpensive, and very sensitive to reducing physical injury to soft tissue.
In the event that a better method is identified in the future, only a small
investment would be lost, with full consideration that the better method
identified in the future may involve a gravity-fed system.

Additional containment facilities at existing fish hatcheries
were considered to reduce fish rearing densities and produce healthier fish at
similar abundances to those currently produced. Of the ten Lower Snake River
Fish and Wildlife Compensation hatcheries evaluated, only the Dworshak and
Magic Valley Hatcheries were found to have an adequate water supply and room
for expansion. The Magic Valley Hatchery was designed with planned expansion
potential. However, there is a lack of sufficient property to separately
raise both steelhead and Chinook saimon. In addition, the water supply is too
warm to rear salmon. Consequently, expansion of the Magic Valley Hatchery
would be limited to the production of steelhead. The Dworshak Hatchery has
adequate space and water supply to separately raise steelhead and Chinook
salmon, but the water supply would have to be upgraded and more pumping
capacity would be required. A total of 20 new raceways could be added, and
some of the existing burrow ponds could be converted to raceways.

It is believed in much of the region that perpetuating any
1mprnvement projects directed toward increasing the production of hatchery-
origin juvenile salmonids, and especially steelhead trout, would be premature;
and would act against the objective of focusing on wild salmon recover. This
is true at least until the completion of the recently initiated U.S. Fish and
Wildlife Service’s (USFWS’s) Programmatic Environmental Impact Statement on
the Federally-funded and operated hatchery program. Currently, hatchery
function has focused disproportionately on steelhead production in both the
Snake River and Columbia River Basins, possibly at the expense or ecological
bottienecking of the more depressed wild Snake River Chinook salmon stocks.
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Dependent upon the results derived through the USFWS evaluation, it is
suggested that more study should be directed toward the improvement of
subbasin supplemental facilities, with natural acclimation and disease
eradication. Additional raceways at facilities such as these subbasin sites
~ may be beneficial by reducing rearing densities for juvenile Chinook salmon. 1
The primary point being perpetuated is that a more exerted effort from the
subbasin level, concentrating on fry production from more localized wild
broodstock, would be the more ecological and evolutionarily- adaptable choice
for maintaining genetic fitness in wild salmon stocks

Additional raceways for steelhead production at the Magic
Valley or Dworshak Hatcheries would not have any biological effectiveness for
improving the chances for recovery of wild Snake River Chinook stocks.
Additional raceways for spring Chinook salmon at either Dworshak or Magic
Valley (if the water temperature could be effectively modified) could have
moderate biological effectiveness, but not to the positive potential of
redistributing that effort to the subbasin rearing and acclimation level.
Regional discussion addressing the effectiveness of current hatchery
operations for productivity-oriented goals on wild salmonid interactions and
ultimately population viability, continues on various planning levels. The
region must jointly make the ultimate decision on future direction for how
hatcheries within the region will be operated for species composition and
quality versus quantity output, all in compliance with Endangered Species Act
(ESA) requirements. Hatchery improvements have not been considered long-term
activities until some regional consensus can be developed for future
direction. The proposed improvements would be considered near-term actions in
terms of impiementation design, cost, and timing. The new Archimedes-type
pumping system would reduce acute stress and physical damage to juvenile
hatchery salmonids compared to current practices, but not to the more maximal
levels that would be provided by a gravity-fed Toading system. The proposed
loading improvements are considered to be more appropriately an operational
and maintenance activity, and are not within the scope of the SCS process.

3. IMPROVEMENTS TQ JUVENILE FISH COLLECTION AND BYPASS SYSTEMS.

a. General.

The objective of these improvements is to improve juvenile
salmonid passage through the dams. This can take the form of improving the
guidance associated with the current coliection and bypass systems, a
reduction in predator-related mortality associated with bypass,; or the
elimination of undesirable passage conditions. The following alternatives
were evaluated to improve the juvenile fish collection and bypass system: 1)
dispersed reiease sites; 2) extended-length screens; 3) modifications to the
Lower Granite Dam Juvenile Fish Facilities; 4) auxiliary water intake screens
at McNary Dam; and 5) surface-oriented bypass and collection systems.
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b.  Dispersed Release Sites.

To reduce estimated predation losses, providing dispersed
release at the release points (outfalls) of the existing juvenile bypass
systems at Lower Granite, Little Goose, Lower Monumental, and McNary Dams was i
considered. Alternative means of providing dispersed release sites included:
1) short-haul barging to alternate release points; 2) extending release flumes
~downstream of the current release points; and 3) flume modifications to
provide multiple release points near the juvenile fish facilities. a

Providing a flume with multiple release points requires the
least amount of modification, but is estimated to be biclogically ineffective !
for the lower Snake River projects. Stationary dispersed release sites could |
only be expected to result in potential short-term benefits related to
confusing predator activity at McNary Dam. The proportionally greater
abundance of arriving juvenile salmonids at McNary from the mid-Columbia River
could Togistically limit the effective operation of short-haul barging. .,
Predators such as northern squawfish could condition their behavior and '
redistribute to new optimal smelt interception locations within a relatively
short time. This effect could occur even if the release of smolts from the
multiple exit system was totally randomized, because the exits would remain
stationary points of concentrated smolt release into relatively restricted
areas of the river channel. Although high velocity areas of the channel would
be targeted for release sites, predators could act to "average" the randomized
release effect by redistributing themselves short distances downstream to
locations where the high concentrations of smolts would pass. Therefore, no
"long-term benefit could be expected. ‘ '

Short-haul barging with direct loading of smolts is estimated .
to be the more biologically-effective dispersed release option, and would !
provide more lTong-term effects than those of a stationary system with multiple :
exits and randomized smolt-release patterns. Short-haul barging could be used
in conjunction with the existing barge-loading facilities at Lower Granite,

Little Goose, Lower Monumental, and McNary Dams. Barges would need to be

direct loaded, then moved to randemly selected release points that would meet

the velocity criteria. If the region chooses to maximize the existing :
transport operations from Lower Granite and McNary Dams, one small capacity !
(20,000 pound) barge for each of the Little Goose and Lower Monumental

projects would probably be sufficient to provide the required flexibility in
selecting optimal release sites. If the region chooses to keep all salmonid |
outmigrants in the river for 100 percent of the passage, or as a continuation
of some "spread-the-risk"” policy based on flow triggers, multipie small-

capacity barges or additional medium- or large-capacity barges would be
required at each collection dam to efficiently handle direct-lcading
operations during the peak outmigration period, at least for spring and summer
‘Chinook salmon. '
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Smailer barges would provide a more flexible release system,
both across the channel and geographically down the channel, allowing less
predator conditioning to particular high velocity locations. However, a
within-project short-hauil barging system for each dam and reservoir could
result in additional delay as fish are collected and transported past
perceived predator concentration areas, and then released at a randomized
location for each respeciive dam and reservoir. A cumulative negative effect
could occur due to incremental project delays accumulating into an extended
system delay. Cumulative stress responses could appear in those smolts that
are continually collected, held in raceways, and transported and released only
a relatively short distarce from their point of collection. Direct loading
from the bypass flume into barges would have to serve as a compensatory
criteria for achieving anv maximal benefit.

The development of dispersed release site mechanisms would be
near-term actions, both far short-haul barging and muitiple-exit flumes,
because existing technoloyy would reduce design and testing time. Short-haul
barging is expected to provide marginal overall benefits that would only be
expressed by total in-river passage of juvenile salmonids, because tradeoffs
would have to be considered in possible collection and holding delays. The
direct loading of bypassed juvenile saimonids would be required to reduce
stress for any success with short-haul barging. Multiple-exit flume dispersed
release has been discussed in regional technical committees for possible
implementation at new collection and bypass facilities. Although design and
impiementation could occur in a retatively short timeframe, it is expected
that very little biological effectiveness would result in terms of system-wide
passage efficiency and population viability, because of the estimated degree
of predator adaptability.

- C. Extended Length Screens.

-Existing turbine intake screens are 20 feet in length.
Existing research has indicated that extended-length screens measuring 40 feet
in length increase fish guidance efficiency (FGE) at each dam because of their
extension deeper into the turbine intake entrances. This allows them to
intercept a higher proportion of juvenile salmonids that would otherwise pass
underneath a 20-foot screen. Regional technical design and review groups have
supported the current extended screen design and testing for implementation at
McNary, Little Goose, and Lower Granite Dams. These completed planning
processes indicate that extended-length screens would be a biologically-
effective action, based on the relatively low cost and implementation time
associated with their implementation at Lower Monumental and Ice Harbor Dams.
The National Marine Fisheries Service (NMFS) has identified the implementation
of extended-length screens for immedidte implementation in their 1994 to 1998
" Federal Columbia River Power System Biological Opinion. :
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Based upon the present knowledge that the Corps has regarding
extended-length screen performance, it can be reasonably expected that Snake
River spring and summer Chinook, fall Chinook, and sockeye saimon would
benefit from the improved design and implementation of extended-length -
screens. At least an estimated 10-percent increase in FGE for all salmonid
stocks passing each dam would cumulatively reduce turbine passage mortality
for a greater portion of the total juveniie salmonid outmigrant population.
Similar benefits would be expected to accrue for adult fallbacks of those same
protected salmon stocks, in addition to Snake and Clearwater River steelhead.
Based on the design of the existing extended-length screens that have been
tested, screens could easily be designed for Lower Monumental and Ice Harbor
Dams. Although relatively few wild Snake River juvenile salmon would be
expected to remain in-river downstream to these two Tower Snake River dams
during maximum transport operations, improved FGE would benefit tributary and
hatchery fall Chinook saimon stocks that enter the mainstem below Little Goose
Dam. This train of thought is particularly consistent with the incremental
benefit of the improved FGE for fall Chinook salmon afforded by extended-
length screens. - The maximum benefit of extended-length screens would be
afforded to operational scenarios without transportation, especially from
Lower Granite Dam. Any benefits attributable to extended-length screens at
Lower Monumental and Ice Harbor Dams, during operational scenarios involving a
. high degree of transportation from each existing smolt collection dam, wouild
be Timited to Snake River subyearling (fall) Chinook salmon that are wild, as
well as those releases from the Lyons Ferry Hatchery.

d. Modifications to Lower Granite Dam Juvenile Fish Facilities.

The Lower Granite juvenile fish bypass facilities were analyzed
for improved passage and separator efficiency, because they are the oldest and
most outdated facilities in the entire Tower Snake River hydrosystem. The
Lower Granite Project is also the most upstream project, resulting in the
greatest interception of outmigrating juvenile salmonids. This geographical
effect to juvenile salmonid migration dynamics makes Lower Granite the most
critical reservoir and dam, and also makes it extremely influential to overall
smolt survival. The improvements to this facility include an improved
collection channel, new dewatering structure, bypass flume that extends to the
river, new wet separator with species separation capabilities, new passive
integrated transponder (PIT) tag sample and holding tanks, new sample and
holding tanks, new raceways, and improved barge loading and river release
conditions. These improvements use many features of other existing facilities
developed at the other projects down river. The proposed improvements offer
numerous advantages: open channel flow conditions, direct open channel bypass
from the collection channel to the river, the capability to separate juvenile
fish by size at the wet separator, direct barge loading or river release from
"~ the separator, and a PIT-tag diversion/holding/river release system.
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The biological community within the region generally agrees
that pressurized-passage systems increase stress to juvenile salmonids. It is
generally accepted that the existing pressurized pipeline system at Lower
Granite Dam should be replaced with an open flume system (based on the Little
Goose design) to reduce this stress, and this would be a biologically-
effective action. Wet separator construction at Lower Granite would be
designed to separate smaller Chinook salmon from larger steelhead trout
Juveniles, much like the existing separators at Little Goose and Lower
Monumental Dams. Current designs and regional discussion would classify these
improvements as near-term actions that are implementable in a relatively short
timeframe with ower economic cost. The NMFS and the regional technical
committees have expressed interest in expediting these improvements, based
upon the existing technology. Additional research is required to determine to
what extent spring Chinook smolts benefit from segregation from steelhead
smolts. The degree of potential benefit of wet separator implementation would
be determined from this additional research as well.

e. Auxiliary Water Intake Screens at McNary Dam. -

The water supply intake structure for the adult ladder located
along the north shore (Washington side) of McNary Dam is not screened. The
intake on the south shore (Oregon side) is equipped with a traveling system.
However, this system has velocity conditions that allow fish to be impinged on
the screens. Providing modern screening systems at these intakes, or
modifying them to meet current fish criteria, could reduce juvenile mortality.
A number of different optiens were investigated. Modifying the existing
traveling screen system at the south shore intake structure with the new
three-sided screen design, and retrofitting the trashracks of the north shore
water intake structure with the new three-sided screens, were identified as
the most desirable actions. North Wasco County Public Utility Department is
installing a generating unit, under a Federal Energy Regulating Commission

(FERC) license, within the north shore intake. This FERC license requires the
" public utility department to maintain a mitigation fund for affected
anadromous salmonids. ‘

The Corps currently has limited empirical data concerning the
north shore water supply intake. However, the data available suggests that a
significant number of juvenile subyearling salmonids (representing fewer than
24 adult equivalent returns) would not be removed annually from the total
population, due to entering this auxiliary water intake. This is though to be
partially the result of the near 60-foot depth of the intake, where juvenile
fish are not routinely found migrating. However, the attraction force of the
north shore generating unit could pull juvenile saimonids into such depths,
much like the turbine unit operations at any of the run-of-river dams in the
Columbia River Basin.  The critical measure would be the proportion of those
subyearling salmon intercepted by operation of the north shore structure that
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are listed Snake River subyearling (fall) Chinook salmon in proportion to the
much more abundant Columbia River subyearling populations arriving at McNary
Dam. This improvement would be specific to a single dam, and it is not
expected to provide a measurable increase in system-wide survival of the total
population attributable to this one improvement. Although any improvement to
fish passage efficiency and survival would be beneficial, the redesign of the
south shore traveling screen to current criteria would be warranted. This
‘would be a near-term measure, whereas construction of a new three-sided screen
system for the north shore generating unit would be considered more long-term.
Therefore, a new system should remain the responsibility of North Wasco County
Public Utility Department, under their FERC licensing requirements, and in
coordination with the Corps.

f. Forebay Collection System.

Juvenile anadromous fish appear to be in the top 20 to.30 feet:
of the reservoir surface as they migrate downstream. The objective of a-
surface-oriented collector is to guide and collect these fish before they must
dive to depths of 70 to 80 feet in order to be intercepted by the existing
turbine screening bypass system. This type of surface collection system has
been in operation at Welis Dam (on the Columbia River), and is reported to be
very effective. Two design concepts of a forebay collection system were given
cursory consideration: 1) vertical juvenile fish entrance slots based on the
system at Wells Dam; and 2) a shallow skimmer weir or corifice similar in
principal to the system at Ice Harbor Dam and The Dalles Dam {sluiceways). A
single concept design, using a version of the Wells Dam fishway entrance in
conjunction with a collection/sample and bypass system was identified as the
preferred system. As such, it will be further developed in this study. For
this evaluation, only the Lower Granite project was investigated. This
project is considered to be representative of the powerhouse and spiliway
structures for the other lower Snake River dams, although flow dynamics in the
forebay of each dam would vary. If this system proved to be effective at
Lower Granite, this information could be transferred and hydrolegically
adapted to other dams, on both the Snake and the Columbia Rivers.

A surface-oriented system could be designed specifically for
fish passage, in union with improved submerged screening systems, to equal or
exceed the estimated FGE expected for an upstream collector screening
structure (95 percent). This estimate is based on the reported 90-percent
guidance efficiency experienced at Wells Dam using only the surface collector
system. A surface-oriented collector could reduce forebay delay of juvenile
salmonids not intercepted by the pull of the turbine intake flow. One of the
. more promising aspects of the surface-oriented concept is its potential
flexibility in operation: juvenile salmonids would be intercepted and
collected via the existing bypass system or directly bypassed without handling
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or delay back to the river via the spiliway, while using much reduced spill
water volume.

This surface-oriented collection concept is cbnsidered to be a
new generation of fish passage facility with high biological effectiveness
expected. Therefore, a significant amount of research and study would be

required prior to impiementation. As a result, this action is considered to
be a long-term activity.

4. IMPROVEMENTS 70 JUVENILE FISH TRANSPORTATION SYSTEMS.

a. General.

The objective of these improvements are to improve the
conditions of juvenile anadromous salmonids barged to, and released, below
Bonneville Dam. The following alternatives were evaluated to improve juvenile

fish transportation systems: 1) net pens; 2) barge water temperature control;

3) enlarged fish barge exits; and 4) additional new fish barges.
b. Net Pens.

Net pens were considered because fish could be transported in
natural water and light conditions that should reduce stress and allow the
smolts to undergo normal physiological processes. In addition, fish would be
able to swim against some form of natural current. Net pens would be
comprised of an external framework, with nyion netting measuring about 100
feet long by 40 feet wide by 13 feet deep, capable of carrying approximately
45,000 pounds of fish. It would take about 24 such net pens to provide
transportation equivalent to that of the existing fish barges and trucks. The
piping and/or flumes for fish loading at each existing collection facility
would require modification. - Concerns with net pens include Tonger travel time
than with barges, structural integrity during adverse weather conditions,
inability to reduce dissolved-gas concentrations, and restricted monitoring
and testing capability. The mobile net pen concept may be applicable to the
concept of variable release sites as an alternative to fixed location bypass
release.

Net pens have been previously proposed to replace the juvenile
barges, or for use in short-haul barging scenarios. Overall, there seems to
be no apparent significant advantages to net pens over the existing barge
system, with the possible exception of potential application to the concept of
short-haul variable release sites. The application to short-haul variable
release has limitations due to the conditioning ability of reservoir predators
to readily recognize concentrated prey in a moving net pen and redistribute
themselves upon release of that prey. Therefore, the randomized or variable
release strategy to reduce predation would be compromised. Technical review
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committees such as TAG and FPDEP have generally eliminated any traveling net
pen scenarios based upon: 1) the ability of visual and olfactory predators to
condition to the nonbarrier-producing effects of open netting; 2) the
inability to control dissolved-gas concentrations and/or elevated water
temperature encountered in the reservoirs; 3) greater travel times through the
total hydrosystem compared to the existing barge operation; 4) limited
decrease in travel time through a single reservoir with additional stress
imposed, compared to proposed in-river passage condition improvements; 5)
limited benefits to homing cue perception received from passage through the
natural ecosystem, compared to the existing open barges (7.e., existing barges
continually recirculate 25 percent of the barge water volume with that of the
natural ecosystem, and are open to the natural astrologic and atmospheric
conditions); 6) Timited estimates for reduced stress because stress responses
are more closely associated with the loading and evacuation activities, not
the actual transit time while physically being within a barge. The acute
stress from loading could be prolonged in a net pen environment, with
confinement while in the visual presence of predators, whereas stress from
loading has been shown to decrease during transit in the existing barges; and
7) limited benefits estimated from horizontal disease transmission due to the
more open flowing environment. Disease vectors [e.g., for bacterial kidney
desease (BKD)] are readily found in river water, and have been estimated to be
within clese to 100 percent of the population sample passing Lower Granite Dam
during some years. The BKD transmission is highly dependent on hatchery
practices and control activities, and can be genetically transferred,
indicating that juvenile salmon can be considered to be constantly exposed.
Density-dependent manifestation between river versus barge/net pen fish
densities has yet to be scientifically determined, but could be assumed to be
slightly less in reduced density conditions (1 e., river passage or open
flowing net pen transit).

The net pen concept would involve long-term activity because of
the extensive research needed to clarify the above uncertainties related to
determining benefits between in-river versus net pen versus existing barge
environmental conditions. The majority of these studies would require a much
better understanding and ability to technically measure condition and stress
variables and their indicators than the region currently possesses. In
addition, time would be required to design an adequate net pen transport
vessel that could maximize travel time from the collection dam to below
Bonneville Dam without collapsing 'and resulting in reduced fish physical
condition due to crowding stress, behavior stress, and/or netting abrasion.

C. Barge Water Temperature Controi.

The concept of controlling barge water temperature below a
maximum of 68 degrees Fahrenheit (°F) was considered to provide a more optimal
temperature for juvenile salmonids. Two general alternatives were identified
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to cool the water, including drawing cooler water from the bottom of each
reservoir during transit, or the addition of "chillers" powered by diesel
engines. It was determined that drawing water from the bottom of the
reservoirs was not feasible, because the run-of-river reservoirs on the Snake
and Columbia Rivers do not stratify to any significant extent,. although
temperature gradients may occur during some summer conditions. Only marginal
decreases in temperature would be expected. Additional concerns exist both
Tlogistically and biologically due to the expense, maintenance, and ecological
disturbance caused by a barge traveling with a telescoping pump suction hose
‘extending below the barge to the riverbed. Therefore, the addition of:
“chillers" was the chosen alternative for further evaluation. It was
determined that the existing barges would be overwhelmed by the weight of the
new chiller equipment. Consequently, separate new (small) chiller barges
would be needed, including one chiller barge for each of the existing six
barges. Single-pass water flow was required, since heat exchangers to recoup
energy were found to be extremely expensive. The operation and maintenance
costs for the chiller barges were found to be extremely high, requiring 7,000
gailons of diesel fuel per day per barge, based on maintaining an average
temperature differential of 5 OF.

There is little biological effectiveness estimated for
artificially controlling barge water temperature. If the maximum daily
temperature has exceeded threshold temperatures for juvenile salmonid
survival, and artificial control of the water temperature can be relied on to
reduce the temperature to non-lethal limits, the biological effectiveness
would be more important for.Snake River subyearling (fall) Chinook salmon.
Water temperature monitoring in the Snake River has indicated that near-
threshold temperatures may be reached during some extreme low-flow conditions
during the summer months. However, exposing a juvenile salmonid to an
artificially "optimum" Tow temperature when taken from the high temperature
conditions of the river may cause a more prolonged acute stress response than
conditioning that juvenile salmonid to the gradual temperature changes in the
25-percent replacement of river water experienced in the barge. The critical
measure for juvenile salmonid viability would be the minimal amount of stress
imposed on the fish at the point of barge evacuation. The internal water
temperature of the barge should more closely reflect the water temperature of
the river at the point the fish exit the barge below Bonneville Dam. At this
point, the fish should experience the least degree of thermal shock through a
low gradient between temperatures. Since 25 percent of the barge water
surrounding the transported juvenile salmonids is continually replaced with
river water, this gradual temperature change would act to condition the fish
and control any perceivable stress and physiological adaptation changes to
rates adjustable by the fish.

Barge temperature control would be a long-term activity with
little biological effectiveness, except for during those extreme low flow
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conditions during the summer outmigration of Snake River subyearling (fall)
Chinook saimon. Little additional research to establish direct temperature
effects or threshoids on salmonids would be required, because adequate
information exists as to temperature ranges that must be achieved for salmonid
productivity and survival. Alternatives that aim toward reducing the overall
river and reservoir temperatures through carefully executed seasonal flow
augmentation during those problem low flow years would be more effective
‘biologically, not only for outmigrating juvenile salmonids, but also for adult
salmonid in-migrants and the ecosystem as a cumulative whole (i.e., predator
~activity and possibly disease transmission would be commensurately depressed
with decreased water temperature}.

d. Fish Barge Exits.

The size of the barge release exits has been identified as a
possible source of concern. The exits on the existing barges range from 10
inches to 17.25 inches, and may be too small for efficient evacuation of
juvenile salmonids. Increased acute stress and delay during the release
operations may result from forced crowding and a rapidly changing water
velocity gradient through a small diameter exit. Enlarging the exits may
reduce this stress. Exits on four of the barges could be replaced with 35-
inch-internal-diameter (ID) exits. The exits on the other two barges could
only be enlarged to 17.25 inches. The water velocity in the 35-inch exit
would be reduced to about one-fourth that of the 17.25-inch exit. The
velocity in the 17.25-inch exit would be about one-third that of the 10-inch
exit. In addition to significant decreases in the discharge velocities, the
enlarged exits could potentially improve the distribution of the fish as they
exit the barge, allowing them to seek river velocities that would reduce their
concentrated exposure to awaiting predators downstream.

The biological effectiveness of increasing the diameter of the
barge exits would not be directly measurable. However, any means of reducing
acute stress and efficiently transferring juvenile salmonids down river past
predators would be beneficial. Modification of the barge exits would require
the barges to be dry-docked, and could be accomplished outside of the smolt
passage season. This improvement would be a near-term action, with Tow cost
and no additional research required outside of the ongoing transportation
program studies that involve stress response measurements.

e. New Fish Barges.

Currently, there are not enough barges available to load
collected smolts directly into awaiting barges. Based upon recent studies
measuring plasma cortisol levels, direct loading of smolts for transport is
generally accepted as a means of reducing acute stress in juvenile salmonids
diverted through Snake River dams. In the existing operations, collected
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smolts must be held in raceways until a barge is available for loading.
Normally, fish are only held in raceways for a few hours. However, this
period can be much longer during both the peak migration period, when arriving
fish numbers rapidly fi11 a barge; and the tails of the passage distribution,
when the operators must delay until enough fish arrive to fill a barge.

During this Tow abundance time, fish may be loaded into trucks and
transported, but trucking is considered to be more stressful and is a less
retiable means of fish transport. The acquisition of new fish barges was
“considered to improve ths direct-loading capability from the juvenile
collection facilities. 7his practice would substantially reduce the stressful
raceway crowding that may occur prior to transferring the fish into barges.
After evaluating three different options, it was determined that four
additional barges of 75,000-pound capacity would satisfy a direct-loading
target. '

Direct-loading capability for the U.S. Army Corps of Engineers
(Corps) smolt transport program has been identified by NMFS in their recent
Biological Opinions for Faderal Columbia River Power Sytem (FCRPS) operation,
and is supported by the ragional technical committees and fishery agencies, as
a beneficial action with high biological effectiveness. This improvement
would be a near-term action, with moderate costs to construct additional
barges, relatively Tittle implementation time, no additional or Tong-term
research or design requirements, and direct biological benefits. The
feasibility of constructing more moderately-sized barges should also be
further evaluated for maximizing the direct-loading potential by increasing
the flexibility within the fleet across the full range of arriving smolt
abundance distributions. Early and late season reliance on truck transport
should be effectively eliminated, resulting in maximum benefits to overall
Juvenile salmonid viability derived through increasing use of the more benign
barge transport.

5. IMPROVEMENTS TO ADULT PASSAGE SYSTEMS.

a. General .

A number of improvements were evaluated to improve conditions
related to dam passage for adult anadromous fish during their upstream
migration. The following alternatives were evaluated: 1) fish ladder water
temperature control; 2) additional fish ladders; 3) fish ladder entrances and
attraction water; 4) fish ladder exits at McNary Dam; 5) adult collection
channel modifications at McNary; and 6) extended fishway channels.

b. Fish Ladder Water Temperature Control.

Fish ladders are used to pass adult fish around the dams.
These ladders consist of a series of weirs or steps within an open, shallow
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flume. Water temperatures in these Tadders can be significantly higher than
in the tailrace below the dam during the summer months, and this discourages
adult fish from entering the ladders. The University of Idaho has measured an
increase in adult ladder water temperatures of more than 10°F when compared to
tailrace water temperature at Lower Granite Dam. It is postulated that this
difference in temperature could have a "blocking" effect that contributes to
adult passage delay. Reducing water temperatures in these ladders could
reduce this delay effect. Three methods of reducing the water temperature in
 the aduit ladders at all of the Snake River dams were identified. These three
methods are: shading, sprinklers, and pumping cooler water from the bottom of
the forebay behind each dam. It was determined that cocoling the ladder
temperature directly would only result in physically relocating the
temperature differential effect up the ladder to its exit, thus providing no
solution to reducing the delay effect. A reasonable temperature gradient
needed to be established in the area of the forebay that supplies water to the
ladder, in order to functionally eliminate any thermal shock zone that would
be detected by adult salmonids climbing the ladder. The most effective means
of lowering the water temperature around the ladder exit was to recirculate
cooler water from the depths of each forebay (e.g., NMFS has proposed using
existing air-bubbler system technology), and introduce that water to the
vicinity of each fish ladder exit.

This improvement would have high biological benefits and
effectiveness, but would be a long-term activity because an undetermined
amount of research and concept development and design would be necessary to
develop those innovative approaches, thus increasing the cost and
implementation time. The additive ecological benefits would justify a phased-
in approach that could expedite implementation with operational measures.
Obviously, any decrease in water temperature would be more beneficial to adult
summer and fall Chinook salmon due to their average run timing during the
summer. Cold water releases from the Dworshak reservoir have been studied to
cool the downstream river conditions in hopes of reducing a perceived
temperature "block" at the confluence of the lower Snake and mid-Columbia
Rivers. Monitoring has shown that temperature reduction can be achieved in
the upstream section of Lower Granite, but mixing through powerhouse
operations acts to diminish any beneficial effects below Lower Granite Dam.

No difference in water temperature remains once the monitors reach the
confluence with the Columbia River below Ice Harbor.

c. Additional Fish Ladders.

Both Lower Granite and Little Goose Dams are the only projects
on the lower Columbia or Snake Rivers that have only one adult fish ladder.
Consideration was given to adding an additional fish ladder to the north shore
of both Lower Granite and Little Goose Dams in order to supplement existing
adult fish passage efficiency. This would provide a backup to the single fish
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ladders at each dam, potentially reducing the number of adult fish dropping
out of the powerhouse entrances, and providing more direct passage for adults
~ entering the north shore entrances. The proposed lTadder at Lower Granite Dam
would be located between the right spillway training wall and the navigation
lock. The ladder at the Little Goose Project would be located in the south
side of the earthen embankment. The design for these Tadders would be similar
to the existing ladders. '

Additional adult ladders at Lower Granite and Little Goose Dams.
are desirable due to their expected ability to function as backup facilities
and compliment the existing ladder configuration (because of ladder. failures
or maintenance work required after nearly 20 years of constant seasonal use).
Concerns with this concept are the design requirements to achieve and maintain
the critical attraction flows retrofitted across the full range of operational
conditions at these specific dams. A primary consideration is the potential
increase in access for undesirable competitive species (e.g., the advancing
population of American shad). Shad can be readily observed crowding the Lower
Monumental Dam ladders. Increased access routes past the single ladder dams
could provide a releasing mechanism into previously 1imited pelagic habitat.
Observations of predators gorging on juvenile shad are photographically
recorded at Little Goose Dam and, therefore, the advancing distribution of
shad could have an ecological consequence on ma1nta1n1ng or enhanc1ng predator
age -class strength and fitness

Since current ‘technology can be reliably utilized, the
additional adult ladder improvement could be a near-term action in terms of
‘the 1imited design and testing requirements. The time required for -
construction, and the associated ecosystem disturbance during established work
windows, would be considered more of a long-term activity. Monitoring of the
potential shad in-migration would have to be planned in unison with additional
ladder 1mpTementation in order to estimate the feasibility of an acceptable
control program. Control of their distributional increase potential could be
as simple as building the new ladders and retrofitting the existing ladders
with passage barrier structures designed for impeding shad, while still
allowing for efficient salmonid passage. :

d. Fish Ladder Entrances and Attraction Water.

Upstream migrating adult fish pass over the dams by entering
the passage system through the fish entrances located at the downstream side
of the dam, swimming along the collection channel to the fish ladder, swimming
up the ladder, and exiting the ladder into the forebay. The fish entrances
and attraction water discharge, located at the base of the dams, are critical
to the successful operation of the adult fish passage systems. The existing :
systems at the four lower Snake River proJects do not allow for adequate
performance during low tailwater conditions.. :
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The fish entrances along the powerhouses at the Lower Granite,
Little Goose, and Lower:Monumental Projects are a combination of floating -
orifices“and weir gates, located in the wall of the fish collection channel.
The width of the orifices varies from project to project. To allow the
systems to operate within criteria at low tailwater conditions, the control
gates and transportation channel behind the gates must be lowered. At the Ice
Harbor Project, the entire transportation channel serving the south shore
collection system must be‘ Towered, which is a substantial effort that requires.
a cofferdam. .In addition, the Ice Harbor north powerhouse entrances, north
shore entrances, and portions of the collection channel behind, must be
lowered to allow submergence. The control gates will also require
lengthening. The Ice Harbor south shore entrances also must be lowered.

Auxiliary attraction water, pumped from the tailrace, is
currently introduced into the lower portions of the ladder and collection
channel at all four projects to supplement the Tadder flows. The amount of
exiting flow is critical to successfully attracting adult upstream migrating
~ salmon. The attraction water at all projects is currently provided by

electrical and turbine-driven pumps, pumping from the tailwater. The
attraction water is distributed “into the collection channel through a system
of conduits, junction pools, gated and ungated openings, and diffusers that
deliver water at reduced velocities into the channel. The systems at the four
lower Snake River projects must be modified by adding new sluice and operation
gates similar to those already in existence. Due to an increase in flow, the
existing pumping systems will also have to be replaced with higher output
systems. ; v Lo ‘ ‘ : : T

‘To improve the fish ladder entrance operating efficiencies
during low tailwater conditions imposed by reservoir operation at minimum
operating pool (MOP) at each lower Snake River dam, it is proposed to lower
the level of each dam’s series of adult ladder entrances, control gates, and
transportation channels behind the gates. Improvements to attraction water
would: involve enlarging and adding new gate openings to the powerhouse
diffusers. Revised adult ladder attraction criteria was established prior to
the design and construction of Little Goose and Lower Granite Dams. This
revision caused the operation of the existing dams at that time (Ice Harbor
and Lower Monumental) to be operated more marginally within the new criteria.
The operation of the reservoirs at MOP for improving flow conditions for
salmonid migration, imposed since the listing of the Snake River Chinook and
sockeye salmon stocks, has further imposed restrictions on the operational
criteria for adult attraction of those fish, due to the decrease in tailrace
water elevation. Lower Granite, Little Goose, and Lower Monumental Dam
modifications, to adequately meet criteria throughout their. operating ranges,
would require the lowering of the adult entrances and associated channels by
nearly 3 feet in elevation. Ice Harbor Dam modifications are more
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substantial, and involve lowering the adult entrances and associated:
collection channels from 1.5 to 5.5 feet, while the transport channel would be
lowered 2 feet in elevation. This would require cofferdam construction and an
interim means of aduilt passage during the time duration needed to perform the
work on the powerhouse face in the tailrace.

The biological effectiveness of this improvement must consider
the enhanced need for efficient adult attraction into the Tadder entrances
from the lTowered tailwater conditions imposed during MOP operation. Since the
region has accepted that reservoir operation at MOP is incrementally
beneficial to juvenile salmonid outmigration travel time, the modification of
the dams to maintain passage criteria established for adult salmonids through
regional consensus of the technical committees has to be considered as
beneficial to the viability of the passing adult population. Any action that
efficiently reduces delay and the associated stress of in-migrating adult
salmonids, who are already physiologically diverting a significant portion of
their stored energy reserves to upstream travel and spawning activities, wouid
act to incrementally incraase population viability. However, this effect
could not be measured directly to ascertain the specific benefit of that
increment. Any such benefit attributable to improving the attraction flow and
ladder entrance efficiency would only be maximized proportionately with
powerhouse operation, as it has been readily shown through research reviews
and discussed in technical committees, as the effect of spillway operations on
the effectiveness of the attraction flow force in guiding adult satmonids to
those entrances provides a substantial influence.

This improvement wouid be considered a near-term action, in
terms of the research available on providing attraction flow patterns for
these dam operations and the available technology for formulating the design
modifications. The implementation time required for this improvement at all
of the lower Snake River dams, and any additional research and associated
modeling, would indicate more of a long-term activity.

e. Fish Ladder Exits.

The fish ladders at McNary Dam currently use a series of
tilting weirs to regulate the flow of water in the upper portion of the
tadder. This regulation is required to account for reservoir levetl
fluctuations. This system requires manual manipulation of the weirs on a
daily basis. To simplify and improve the fish ladder exits at McNary Dam, it
is proposed to replace the existing tilting weirs with fixed vertical-siot
control weirs that do not require adjustment during reservoir fluctuations.
Makeup water would then be added to achieve the remaining water requirement.
The improved system would be similar to those facilities at the projects on
the Tower Snake River.
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Any action that efficiently reduces the delay and associated
stress of in-migrating adult salmonids, who are already physiologically
diverting a significant portion of their stored energy reserves to upstream
travel and spawning activities, would act to incrementally increase population
viability. However; the effect could not be measured directly to ascertain
the specific benefit of that increment. ' In addition, any improvement that can
reduce. the potential for human error would be beneficial, as long as an

_appropriate maintenance and operational accuracy check across the full range
of flow variability can be implemented. :

This improvement would be a near-term action due to the
reliance of the design on existing technology and system performance. The
implementation time should be minimal. However, this project is better suited
as an operation and maintenance. improvement. As such, it can be implementable
more readily than through the SCS process.

f. - Adult Fish Collection Channel at McNary Dam.-

The current collection channel at McNary Dam has areas where
the channel water velocity is much too Tow, resulting in poor adult passage.
To improve the adult collection channel at McNary Dam, it is proposed to
narrow the collection channel. This would increase the velocities in the low
velocity area of the collection channel. The solution is felt to be simple,
and will provide predictable hydraulic conditions. :

Although the greater velocity of water traveling through the
channel may incrementally enhance the adult attraction flow across the face of«
the powerhouse, there is no empirical evidence that suggests that this has any
negative effect on attracting or delaying adult salmonids. In fact, there is
uncertainty as to whether the low velocity condition actually exists at the
estimated location within the channel. It has never actually been measured,
and only appears in a modeled situation (see section 4). Also, reduced ,
velocity areas may provide short-term resting areas, where maintaining a
sustained high level of swimming performance may be beneficial to reducing
energy depletion. A greater concern for adult passage would be the possible
construction of the channel to the point of creating .a bottleneck area that
could act to crowd and possibly delay adult salmonids. The estimated channel
width at the low velocity area, if modified, would be less than 10 feet, and
could be outside of established criteria. This improvement would be a near-
term action that is easily implementable with little cost to improving
perceived adult attraction efficiency in the ladder system. However, some
video monitoring of the area of the collection channel in question should be
performed to give ‘insight into whether this is an area contributing to adult
delay and possibly crowding. This project is better suited as an operation
and maintenance improvement and, as such, can be implemented more readily than
through the SC€S process. S ‘ ;
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g. Exte ded Fishwa h els.

: Lower Gran1te and L1tt1e Goose Dams each have f1shway entrances
on the north side of, and immediately adjacent to, the spillway. The entrance
configurations at both dams are simitar. The navigation lock and fishway dike
create a dead zone of water on the-north shore below the earthen embankment. at
each dam. Fish traveling up ‘the-north shoreline tend to enter this-dead pool,
and must swim around the navigation lock fishway dike to reach the fish ladder
entrances. During periods of spill, fish traveling along the north shore are
unable to reach the north shore entrances due to the turbulent, high velocity
flows from the spillway into the stilling basin.. Extending the fishway
channel, and providing new.entrances available to the north shore adult:
migrants outside of turbulent conditions, may reduce the de]ay of those fish
trying to enter the fish ladder system.

At Lower Granite Dam, it is proposed to extend the fishway
channel and its entrance downstream to the end of the navigation lock
guidewall, while still maintaining operation of the existing entrance. At the
Little Goose Project, the entrance would be moved to the other side of the
fishway dike, . away from the forces that cause turbulent cond1t1ons.

: Any: act1on that eff1cient1y reduces the de]ay and assoc1ated
stress of in-migrating adult salmonids, who are already physiologically
diverting a significant portion.of their stored energy reserves to upstream
travel and spawning activities, would act to incrementally increase population
viability.  However, the effect -could not be measured directly to ascertain
the specific benefit of that increment. Therefore, enhancement of a more
functional adult ladder attrac¢tion channel system, designed to-operate
efficiently under a wider variation in possible powerhouse and spillway
scenarios, would have high biological effectiveness. However, additional
design and testing would have to be performed and hydrologically modeled to-
establish adequate flow velocity patterns and water sources for providing a
very high degree of. attraction flow gradient away from the wide mouth of the
dead zone area to make this:improvement functional. .This improvement could
provide high biological effectiveness with a moderate amount of advanced
design. that considers.the attraction flow concerns and potential union with
other proposed adult passage improvements (e.g., additional ladders) that
could act to modify any final design. Extension of adult fishway channels and -
entrances to compensate for turbulent conditions during spiil operations would
be a long-term activity, due to the extensive:construction activity and
associated timeframe, costs, and additional design ctonsiderations required to
address adult attraction flow criteria that would be needed to measure a
. biological benefit to population passage survival. The long-term aspect of
this improvement is partially: reduced because of the available .technology and -
testing at other Columbia River Basin dams related::to modifying Spﬂ]]
operations for max1miz1ng adult passage efficiency. -
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6. - DAM MODIFICATIONS--SPILLWAY/STILLING BASIN.

This alternative pertains to potential modifications that may be ‘used
to improve the performance of the existing spiliways and stilling basins in
order to reduce dissolved-gas saturation Tevels generated during periods of
high spill. Three different alternatives were considered, including:: 1)
tailwater devices; 2) adjustable/relecated spillway flow deflectors; and 3)
elevated stilling basins. “An etevated stilling basin was chosen for further
evaluation because it was determined that a shallower basin would more
predictably reduce dissolved-gas levels by reducing the deep plunges in the
stilling basins. ~Shallower stilling basins would require that the basins be
Tonger,-and/or contain baffles, to ensure ‘that the energy is fully dissipated
over the wide range of discharges and tailwater levels.

Spiliway flow deflectors ("flip-lips") at the lower Snake and
Columbia River dams were initially proposed in the 1970's to assist in
reducing dissolved-gas supersaturation. Deflectors were installed at McNary
Dam (on the Columbia River) and the three uppermost. dams on the Tower Snake
River at that time, but were deferred from Ice Harbor due to: 1) the shallow
nature of the tailrace that acted more naturally to reduce the generating
potential for dissolved gas; 2) the coming online of additional turbines at
all of the lower Snake River dams (thus reducing the upstream spill volumes by
increased powerhouse capacities); and 3) the reduced number of -outmigrating
juvenile salmonids that were anticipated to arrive at Ice Harbor Dam
facilities as a function of the regional decision at the time to R EIE
disproportionately transport juvenile salmonids. The Ice Harbor deflector
~proposal has been recurring through the years as the state and tribal fishery
agencies desire to increase spill for the passage of juvenile salmonids.:
Subsequent discussion has resulted in the advanced schedule of the design and
evaluation by the Corps on the most recent proposal. Flip-1ip construction at
Ice Harbor Dam could result in only small relative benefits to juvenile
salmonid viability, because much of the physical processes responsible for
dissolved-gas generation are dependent on upriver dam operation in relation to
incoming flow volume and those dissolved-gas concentrations transported by
that flow. Spill limits at Ice Harbor Dam in the near term could have
comparative effective results and be more beneficial to the efficiency of
adult passage. The viability of adult salmonids in relation to spill rate and
distribution is a greater concern, and any effective means of reducing ‘passage
delay and physical injury to adult fish would have a commensurate benefit on _
the viability of the overall salmonid populations. Further discussion of the
biological effectiveness of Ice Harbor flip-lips can be located in
documentation recently prepared by the Corps, Walla Walla District.

No matter what modifications may be made to the spillways in attempts

to further reduce the potential for dissolved-gas generation, the spillways
and stilling basins would still have to provide adequate energy dissipation
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for all design spill levels. In addifion, spillway -operation ahd,function, as
it relates to effective adult fish passage, would have to be studied to guide
design revisions. = - EEEE : = SRR :

. Stilling basin modification is-the only action in which design
engineers have confidence for effectively reducing dissolved-gas generation. .
Judgments related to the effectiveness of various spillway-related :
‘modifications~for¢reduc1ng dissolved-gas concentrations are based upon the- . .
examination of existing ftechnical information .for the specific dams, regional
technica]~committe&vdiscussions,~andfobservations documented: during spill
operations at the existing shallow stilling basing of-The Dalles Dam and. the
spill tests performed during:the:1992 Physical Drawdown Test of Lower Granite
and Little Goose Reservoirs (Wik et al., 1994). Reducing the depth at which
spilled water is allowed to plunge by elevating and elongating the floor of
the stilling basin within the tailwater is applicable across all of the lower
Snake River dams, thus mediating the cumulative effects of dissolved-gas.
generation for the whole ecosystem corridor, However, potential. direct and
indirect effects related to:the physical injury of juvenile salmonid - .
outmigrants and ‘delay for adult passage due to water velocity increases in the -
tailwater interfering with.ladder attraction flows, would be concerns that
must be incorporated inte the final design. ST E

~ Spillway. and stilling basin improvements would be long-term
activities, with high biological effectiveness at the ecosystem level. :
However, they would require extensive hydrologic and biological testing and. .
evaluation supported by prototype-and analytical modeling. ~Lonstruction would -
takeover 1.5 years per dam, with cofferdam establishment during established
biological work windows outside of the passage season 1ikely impeding
efficient adult salmonid passage. - L TEE :

&

7. CONSTRUCTION COST. ES

. Cost estimates and schedules presented in table ES-1 are preliminary,
and are to. be used in the planning processvfor~comparativefpurposes only.
They are not of sufficient detail for project authorization or appropriation.. -
Construction cost estimates are based on a 1.October-1992 price level,
escalated to midpoint of construction, using inflation factors established by
the Office-of Management and Budget for the fully-funded cost estimate.
Average annual costs include interest and amortization at 8-percent interest;
interest during construction; and: increased operation, maintenance, and -
replacement (OM&R) costs. Duration periods represent the length of time, in.
months, to implement the alternative; and include:design. memorandums, plans.
and specifications, review, award of construction contracts, and actual
construction. A summary of the estimated construction.costs and
implementation schedules. is presented in table ES-l.t: ... T
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8. SUMMARY .

‘ The preliminary evaluations conducted for these improvements:has
indicated that several of the improvements may warrant further evaluation,
based on their potential benefit to anadromous fish. In addition, each
improvement was examined for its value as a long-term or near-term type of
action. Table ES-2 is a summary of the potential of each alternative to
increase saimon fish survival, whether it is a near-term or long-term action,
“and the average annual cost. '
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Estimated Costs -

| (Months) | Level

S | ‘ProjectCost |
improvement . .| Schedule:| Oct'1992 Price

Fully-Funded |
Cost. - |

'Average
~Annual
. Cost

JUVENILE FISH SYSTEMS
" Short-Haui Bﬂging 39 9,428,000 12,144,000 2,266,000
Extended-Lﬂgth Screens 41 - 45,753,000 59,666,000 4,622,000
" Modifications to Lower Granite
Juveniie Facility 59 19,684,000 25,652,000 1,862,000
Auxiliary Water Intake at McNary 61 24,340,000 31,682,000 2,298,000

Surface-Oriented Collection
101,530,000

JUVENILE FISH TRANSPORTATION

133,840,000

10,053,000

26,606,000

Net Pens ad 21,051,000 6,758,000
Barge Water Temperature Control 53 48,617,000 63,507,000 7,130,000
Fish Barge Exits ~ 23 1,476,000 1,809,000 146,000

Additional Fish Barg 27 45,452,000

58,546,000

" ADULT PASSAGE SYSTEMS

4,748,000

Fish Ladder Water Temperature

Control 26 12,445,000 15,396,000 - 1,243,000
Additional Fish Ladders 61 150,879,000 200,972,000 13,733,000
Fish Ladder Entrance and

Attraction Water 33 19,781,000 24,844,000 1,676,000
Fish Ladder Exits 37 856,000 1,101,000 75,000
Adult Collection Channel '

Modifications 21 353,000 434,000 31,000
Fish Channel Extensions _ 51 52,007,000 67,299,000 4,586,000
DAM MODIFICATIONS

pillway / Stilling Basin Modifications 187,788,000 12,420,000

- HATCHERY MODIFICATIONS .
Truck Loading 6 360,000 473,000 55,000
Added Containment Facilities '
Dworshak Hatchery 65 14,109,000 18,563,000 1,400,000
Magic Valley Hatchery 49 3,569,000 4,695,000 358,000
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MPROVED JUVENILE ASH SVSTEMS

Dispersed Release Sites

Short-Haul Barging . x 303 ®

With Flume System ‘ »* 4,622 »®
Extended-Length Scresns (Fall Chinook) 2 1,862 x
Modifications to Lower Granite Juvenile Facility » 2,208 »®
Auxiliary Water intake At McNary 2,266

North shore ® 4

South shore ® xR

Net Pens ® 6,758 ®
Barge Water Temperature Control . 7,130
Spring Chinook % . b 4
Fall & Summer Chinook % ' %
Fish Barge Exits t 3 146 | % )

Additional Fish Barges ® 4748 | ¥

PFIO ADULT PASSAGE SYSTEMS

Adult Ladder Temperature Water Controi ® 1,243 ®
Additional Adult Fish Ladders ® 13,733 »®-
Ladder Entrance and Attraction Water ' % 1,676 ®
Aduit Ladder Exits » 75 ®

Adult Collection Channel Modifications % 31 »

Adult Channel Extensions 4,586 x

Truck Loading Pump »® 55 »

x -

DAM MODIFICATIONS

Spillway/Stilling Basin Modifications ® I . 12,420 [ %

1Construction costs at October 1992 price lavel and fully-funded cost estimates are presented above.

2Near-term measures are considered to be relatively minor improvements which could be implemented without extensive
additional research or testing, provided they have regional support and funding is available.

3/ Long-term measures are considered to be major improvements requiring significant research and testing prior to
implementation. These actions require further study,
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
' SYSTEM CONFIGURATION STUDY
PHASE 1

.OWER SNAKE RIVER AND MCNARY DAM
SYSTEM IMPROVEMENTS

SECTION 1 -- INTRODUCTION

1.01. BACKGROUND.

The passage systems on the Tower Snake River projects provide the
means for allowing juvenile fish to safely and efficiently bypass the dams
during downstream migration, as well as the means for allowing adult fish to
pass over the dams during upstream migration. An important part of the
Juvenile fish passage system is the transportation program. Under this
program, juvenile anadromous fish are collected at Lower Granite, Little
Goose, Lower Monumental, and McNary Dams; transported downstream by barge or
truck; and released below Bonneville Dam. The existing fish hatcheries
produce saimon, steelhead, and other fish to mitigate for Tosses of natural
fish habitat and turbine mortality due to the construction of the lower Snake
River projects. In one form or another, a large majority of the anadromous
fish migrating on the lower Snake River are affected by the aforementioned
systems. Therefore, even minor improvements to these systems may have a
_ dramatic effect upon the survival of anadromous fish.

Potential improvements to the juvenile fish facilities, adult fish
facilities, and the juvenile fish transportation program were identified in
the Northwest Power Planning Council’s (NPPC’s) Amendments to the Columbia
River Basin Fish and Wildlife Program (Phase Two), dated December 11, 1991.
Potential juvenile fish facility improvements were identified in section
ITI.1, paragraphs B (1 through 7), pages 25 through 26; potential adult fish
facility improvements were identified in section III.5, paragraph A(2), pages
55 through 56; and potential juvenile fish transportation program improvements
were identified in section III.3, paragraphs A(5) and A(9), pages 29 through
30. These improvements, as well as others identified by U.S. Army Corps of
Engineers (Corps) personnel, comprise the improvements considered in this
study. '

1.02. AUTHORITY.

The system configuration component of the Columbia River Salmon
Mitigation Analysis (CRSMA) is being conducted under the existing authorities
for the eight projects on the lower Columbia and lower Snake Rivers. For the
Bonneville project, that authority is the Rivers and Harbors Act of 1950,
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Public Law (PL) 74-409, dated May 17, 1950. For all other projects, the
authority is the Rivers and Harbors Act of 1945, PL 79-14, dated March 2,
1945.

1.03. PURPOSE..

Improvements to the existing fish passage systems on the lower Snake
. River projects, the juvenile fish transportation program, the existing Corps-
constructed fish hatcheries serving the Tower Snake River drainage, and other
“modifications to McNary Dam and the lower Snake River dams are under
consideration to enhance the survival of anadromous fish. The objective is to
improve- the existing systems by eliminating or reducing fish stress,
predation, physical injury, and other factors that have a detrimental effect
upon the survival of fish. The purpose of this study is: 1) to identify
potential improvements to the existing systems and to evaluate the technical
feasibility of implementing these improvements; 2) to estimate the biological
benefits to salmon that may result from implementing the improvements; 3) to
identify operational requirements and potential problems associated with the
improvements; and 4) to develop cost estimates and impiementation times for
the improvement work.

1.04.  SCOPE.

The Corps, Walla Walla District, was tasked with studying potential
improvements to Corps-constructed dams and fish facilities on the lower Snake
River, answers at McNary Dam. The Corps, Portland District, was tasked with
studying similar improvements to Corps-constructed systems on the lower
Columbia River.

This reconnaissance-level study focuses on improvements to fish
hatcheries, juvenile fish collection and bypass systems, juvenile fish
transportation systems, adult passage systems, and modifications to the
dams. The improvements comprise new construction, modifications to existing
structures and systems, and changes in current operational practice.
Descriptions of the existing systems and preliminary designs, environmental
effects {including biological benefits), operational requirements, potential
problems, implementation times, and costs of the proposed improvements are
presented in this study. The results of these evaluations are meant only for
use in comparing alternatives being investigated under the System :
Configuration Study (SCS). The specific improvements and modifications
considered in this study are categorized and listed in section 3, Proposed
Existing System Improvements.
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COLUMBIA RIVER SALMON MITIGATION ANALYSIS
SYSTEM CONFIGURATION STUDY
PHASE 1

LOWER. SNAKE RIVER AND MCNARY DAM
SYSTEM IMPROVEMENTS

SECTION 2 -- EXISTING SYSTEM DESCRIPTION AND OPERATION

2.01. GENERAL .

Early efforts to help anadromous fish were focused on providing fish
ladders to allow adult fish passage over the dams. These efforts progressed
to compensating for declining fish runs by constructing fish hatcheries, and
then towards improving conditions for outmigrating juvenile fish. To better
describe the systems currently being used to help anadromous fish, the systems
are arranged and discussed under the following categories: 1) hatcheries and
satellite facilities; 2} juvenile fish bypass facilities; 3) juvenile fish
transportation facilities; and 4) adult passage facilities.

2.02. HATCHERIES AND SATELLITE FACILITIES.

The Corps, Walla Walla District, has constructed numerous fish
hatcheries and satellite facilities throughout the Snake River drainage.
These facilities were constructed to compensate for anadromous fish losses
caused by the construction of the lower Snake River dams. The majority of
these facilities were constructed under the Lower Snake River Fish and _
Wildlife Compensation Plan (LSRFWCP), which was passed into law in October
1976. The LSRFWCP includes 9 hatchery complexes and 15 satellite facilities
located in the states of Idaho, Oregon, and Washington. The LSRFWCP is the
largest, most- comprehensive fish and wildlife program ever undertaken by the
Corps. Other hatchery complexes have been constructed by the Corps under
different programs. A1l of these hatcheries and satellite facilities,
excluding Dworshak National Fish Hatchery {Dworshak) and Hagerman National
Fish Hatchery (Hagerman), have been turned over to, and are being operated by,
state agencies. Dworshak remains part of the Dworshak Dam project, and both
Dworshak and Hagerman are operated by the U.S. Fish and Wildlife Service
(USFWS). Operation and maintenance funding of all LSRFWCP hatcheries is
provided by the USFWS, even for the hatcheries operated by state agencies.

tach hatchery and corresponding satellite facility system has the
. facilities needed to maintain fish through the entire fish rearing process.
The extent and type of the facilities provided at a hatchery or satellite
~ depends on the design and operation of the system. Some hatcheries are
capable of acting independently of the satellites, while others rely on the

2-1



satellites for adult trapping, spawning, and